Introduction
============

Problem-based learning (PBL) is a student-centered innovating instructional approach in which students define their own learning objectives by using triggers from the problem case or scenario.[@b1-amep-10-095] PBL in medical education was first developed and implemented in the 1960s at McMaster University in Canada by Howard Barrows.[@b2-amep-10-095]--[@b4-amep-10-095] The implementation of the PBL is either as a pure or a hybrid model.[@b5-amep-10-095],[@b6-amep-10-095] A PBL hybrid model is adopted in many undergraduate medical schools in Saudi Arabia and most of the Gulf Cooperation Council countries.[@b7-amep-10-095] The College of Medicine at Al-Imam Mohammad Ibn Saud Islamic University (IMSIU) is one of the medical colleges in Saudi Arabia that introduced PBL into their Bachelor of Medicine, Bachelor of Surgery program as PBL hybrid model. In the pure PBL model, PBL is the chief instructional method in the curriculum and usually without any lectures or tutorial sessions.[@b8-amep-10-095] However, in the hybrid PBL model, PBL is introduced in the curriculum with the support of lectures and tutorial sessions.[@b8-amep-10-095],[@b9-amep-10-095] PBL tutorials consist of small group discussions under the supervision of a tutor.[@b1-amep-10-095] There are many reported advantages of this approach. These include increasing students' knowledge retention, improvement of problem-solving skills, and also students are better able to integrate basic science and clinical knowledge.[@b1-amep-10-095],[@b3-amep-10-095],[@b10-amep-10-095]--[@b12-amep-10-095] In addition, it contributes to the development and promotion of self-directed and lifelong learning, communication and teamwork skills, presentation skills, and enhances students' motivation and enthusiasm.[@b1-amep-10-095],[@b13-amep-10-095]--[@b15-amep-10-095] However, there are a few studies reporting that PBL is time-consuming and does not help in knowledge acquisition.[@b16-amep-10-095],[@b17-amep-10-095] Many factors influence effectiveness and quality of the PBL tutorials. There are four critical factors which include the duration of the PBL sessions, the structure of cases, tutors, and assessment in PBL.[@b18-amep-10-095] In IMSIU, the PBL system is directed by two sessions weekly. There are two sessions per week for the first year students lasting for 2 hours, and one combined session per week for the second and third year students scheduled to last 3 hours. There is an allocated self-directed learning space to search in various authentic resources between these separated sessions. The seven steps of PBL govern both sessions. In the first session, the students meet and perform brainstorming for problem analysis, where they read through the case and ask for clarification of terms and concepts not readily comprehensible, then assemble their opinions and work together to define and analyze what they think is the problem, without interventions by the tutor. The students also attempt to draw a systematic inventory of the explanations inferred from previous steps in order to formulate and identify their learning objectives by consensus between students and facilitators. This is followed by a personal study done individually to read the literature, collect additional information outside the group, and prepare answers for the formulated learning objectives. In the second session, the students meet to report and discussing their answers, compare results, and exchange arguments. They then problem-solve by synthesizing and testing the newly acquired knowledge while the facilitator evaluates and assesses whether the learning objectives have met the requirements or not. Subsequently, students are provided with feedback summarizing their work through the learning process, including participation in definitions and clarifications, analysis and discussion capabilities, review and formation of the objectives, self-study and reporting. In regard to the tutor competency framework, not all tutors who run the process are subject experts, but a tutor to run PBL sessions in IMSIU has to undergo facilitation in PBL environment courses and training held by the college, in which the applicant is exposed to different strategies in PBL moderation. This tutor training role in PBL involves helping to prioritize issues, encouraging all members to participate, preventing sidetracking, checking understanding, and assessing performance. There are many studies worldwide that suggest a positive impact of PBL on learning. However, there are some studies done in Saudi Arabia and Malaysia on students' perception of the PBL session, and there was a contradiction between the findings in Saudi Arabia and Malaysia. In Saudi Arabia, they found that students who learned through PBL had better interpersonal skills and knowledge, as well as a better attitude toward patients.[@b19-amep-10-095] In Malaysia, they found that PBL was time-consuming and it can be replaced or substituted by other instructional methods.[@b16-amep-10-095] Therefore, there is controversy in the students' impression of the PBL session. Thus, the current study was designed to investigate the students' perception of PBL sessions and to compare their perceptions among different sex and grade point average (GPA) in the College of Medicine, IMSIU, Riyadh, Saudi Arabia.

Material and methods
====================

Study subjects
--------------

A cross-sectional study was carried out to assess the students' perception of PBL sessions and to compare their perceptions among different sex and GPA in the College of Medicine, IMSIU, Riyadh, Saudi Arabia. The study was conducted during the first semester of the 2017--2018 academic year. The data were collected from male and female medical students of the second and third year, as well as male medical students of the fourth year. Male and female students of the first year were excluded from the study since they did not have GPA at the time of the conduction of this study. All the students of the specified years were included in the study. Uncompleted questionnaires were excluded.

Data collection tool
--------------------

Data collection was done through self-administered anonymous online questionnaire. The questionnaire was adopted from previous studies, and it was modified to achieve the aim of the study.[@b20-amep-10-095]--[@b22-amep-10-095] The questionnaire was divided into five parts. The first part ([Table 1](#t1-amep-10-095){ref-type="table"}) was dedicated for demographic profile of participants which was answered by multiple choices. The second part ([Table 2](#t2-amep-10-095){ref-type="table"}) consisted of 14 items to measure the students' perception of the PBL sessions' benefits. The third part ([Table 3](#t3-amep-10-095){ref-type="table"}) consisted of 12 items to measure the students' perception toward the PBL conduction and processes. The fourth part ([Table 4](#t4-amep-10-095){ref-type="table"}) consisted of three items to measure the students' perception of the PBL tutors' facilitation and their fairness. These items were answered on a three-point Likert scale as agree, neutral/not sure, and disagree. The fifth part ([Table 5](#t5-amep-10-095){ref-type="table"}) consisted of three items, of which two items were answered by checkboxes, and one item was answered by multiple choices. It was designated to evaluate the utilization of self-directed learning resources, duration, and preferred places for preparation of PBL sessions.

Data analysis
-------------

Data were coded and entered into the computer, Microsoft Excel Software (Microsoft Corporation, Redmond, WA, USA) and analyzed using SPSS version 21.0 (IBM Corporation, Armonk, NY, USA) statistical software. The average score for each student was calculated on a five-point Likert scale. The five-point Likert scale responses were combined into three different categorical variables: "agree" (strongly agree plus agree), "neutral/not sure", and "disagree" (strongly disagree plus disagree). The chi-squared test of independence was used to measure the associations between the different categorical outcome variables (agree, neutral/not sure, and disagree).

Ethical approval
----------------

All participants were informed of the objectives of the study, participation was voluntary, and the informed consent was embedded at the beginning of the online questionnaire. Participant anonymity was guaranteed by assigning each questionnaire with a code number for the analysis. Ethical approval for carrying out the present study was obtained by the Research Ethical Committee, College of Medicine, IMSIU, Riyadh, Saudi Arabia.

Results
=======

A total of 259 medical students enrolled in the study. The overall response rate was 58.7%, which represents 152 students. Male students constituted 76.3%, and female students constituted 23.7% of the sample. Details of other characteristics of the sample are shown in [Table 1](#t1-amep-10-095){ref-type="table"}. [Table 2](#t2-amep-10-095){ref-type="table"} portrays the students' perception of the PBL sessions' benefits, which included 14 items. Most of the students reported that PBL sessions increased their knowledge of basic sciences (61.2% of the males, and 58.3% of the females; *P*=0.03). There were statistically significant differences between the responses of different GPA groups (*P*=0.05). Furthermore, most students (72.2% of the females, and 59.5% of the males) agreed that PBL provided better integration between basic and clinical sciences which differed significantly between the different GPA groups (*P*=0.02). Of the students, 44.1% stated that PBL made them more satisfied about their academic progress with the presence of statistically significant differences between the different GPA groups (*P*=0.01). A majority reported that PBL was helpful in understanding basic sciences knowledge (54.6%); motivated them to learn (59.9%); made them discuss information in a professional way (54.6%); encouraged self-directed lifelong learning (67.8%); helped them to develop problem-solving skills (60.5%); helped them to develop communication skills (75.0%); helped them to identify their strengths and weaknesses throughout the learning process (65.8%); improved their decision-making skills (61.2% of the males, and 50% of the females; *P*=0.01); and helped them develop their leadership skills (71.5% of the males, and 55.6% of the females; *P*=0.03). Conversely, only 34.2% of the students felt that they learn better in PBL than lectures. Moreover, only 28.9% of the students agreed that the knowledge is gained more thorough PBL than lectures. However, no significant differences were observed in both variables. [Table 3](#t3-amep-10-095){ref-type="table"} summarizes the students' perception toward the PBL conduction and processes, which included 12 items. Most of the students reported that they attended PBL sessions on time (84.2%); the duration of the PBL session was enough (76.3%); the members of PBL contributed equally in PBL session (65.1%); the members of PBL know their roles (58.6%); they felt comfortable with PBL tutorials (43.4%). By way of contrast, only 26.3% of the students disclosed that there was proper students' training before starting the PBL session with no statistical differences between the groups. Additionally, only 23.7% agreed that they contributed actively in group discussions. However, no significant difference was observed. A majority of the students did not agree with the substitution of lectures by PBL sessions (75% of the females, and 46.6% of the males; *P*=0.01). Of the students, 44.7% agreed that there is repetition between PBL and lectures with the presence of statistically significant differences between the different GPA groups (*P*=0.01). Regarding the structure of PBL cases, the students reported that the PBL cases are well written and understandable (45.4%); have a realistic and interesting clinical trigger (55.9%); and have an appropriate level of difficulty/challenge (55.3%). [Table 4](#t4-amep-10-095){ref-type="table"} shows the students' perception of the PBL tutors' facilitation and their fairness, which included three items. Only 28.3% of the students agreed that the teaching staff is well prepared to run the sessions (41.7% of the females, and 24.1% of the males; *P*=0.11) and there was a statistical difference among students who have different GPA (*P*=0.02). On top of this, only 26.3% of the students stated that they have been evaluated by the tutors fairly. However, no significant difference was observed. Of the students, 45.4% reported that tutors' feedbacks were helpful to improve their performance, which differed significantly among students who have different GPA (*P*=0.001). [Table 5](#t5-amep-10-095){ref-type="table"} demonstrates the utilization of self-directed learning resources, duration, and preferred places for preparation of PBL sessions. The Internet was the most used resource among the students (92.1%), followed by books (77%), lecture notes (61.8%), medical journals (26.3%), and previous batch notes (23%). A majority (44.7%) reported that they spent 2 hours in the preparation of PBL, and 31.6% of the students spent only \<1 hour. Preparation for PBL sessions at both home and library is the leading preferred places (42.1%). The library was used alone by 16.4% of the students.

Discussion
==========

Medical education in Saudi Arabia is in need of continuous improvements in order to keep up with the changing demands of the present time. The reported advantages of the PBL lead most of the medical colleges locally and regionally to shift their curricula to this instructional strategy.[@b23-amep-10-095] Assessment of the educational environment of the local institutions that adopted PBL into their curriculum is essential to evaluate the benefits of the new instructional method and to identify areas of weakness for improvement. The present study was undertaken to assess the students' perception toward PBL sessions and to compare their perceptions among different sex and GPA. The literature showed that students in PBL find learning more motivating and engaging.[@b23-amep-10-095] Moreover, students in PBL often report greater satisfaction with their experiences than non-PBL students.[@b23-amep-10-095] On the other hand, some of the students in other study reported a negative perception toward PBL and the reason was that some students dominate while others are passive in the PBL discussion.[@b24-amep-10-095] In regard to the students' perception toward the PBL sessions benefits, our study revealed that PBL was a helpful tool for most of the students to increase their knowledge of basic science. This is in agreement with a local study which showed that most students reported that the PBL sessions were helpful in understanding basic sciences concepts.[@b20-amep-10-095] Also, it was found in another local study that PBL sessions help in the development of student skills, including problem-solving skills.[@b19-amep-10-095] Moreover, it was revealed in a local study that the majority of the students (75%) were satisfied with the PBL method and it improved their problem-solving skills, which is in line with our results.[@b22-amep-10-095] Furthermore, Abraham et al[@b25-amep-10-095] reported that \>75% of students had a strong feeling that their communication skills and self-confidence have improved because of their involvement in PBL.[@b25-amep-10-095] In our study, 75% of students reported that PBL improved their communication skills. Also, our study showed that 54.6% of students reported that PBL made them discuss the cases in a professional way which favorably affects their self-confidence. Regarding the knowledge acquisition by PBL and traditional lectures, our study showed that only 34.2% and 28.9% of the students felt that they learn better and gain more knowledge through PBL than lectures respectively. Nevertheless, no significant differences were observed in both variables. Moreover, a local study showed that there is no statistically significant difference observed between both methods regarding the amount of recalled knowledge or provision of a large quantity of information within a shorter time.[@b22-amep-10-095] It has been found in a previous study that there are factors that may affect group interactions which include students' and tutors' perceptions, tutors' background, tutors' group dynamics, students' training, and the characteristics of the problem that has been used.[@b26-amep-10-095] Furthermore, poor participation of some students during PBL sessions could be attributed to many factors including students' prior knowledge of the content of the scenario, English proficiency, the facilitator not ensuring effective participation of all the students, and poor communication between the group members.[@b27-amep-10-095] In the current study, students reported that tutors' feedbacks were helpful to improve their performance, which is consistent with the results of previous studies where it has been reported that tutors' feedbacks were essential in the process of PBL and helpful in the development of students' performance.[@b19-amep-10-095],[@b28-amep-10-095],[@b29-amep-10-095] In the present study, only 26.3% of the students stated that they have been evaluated fairly by the tutors. Similar results were also found in a local study where they reported that only 39% of the students (mostly males) agreed that the tutors fairly evaluated them in the PBL sessions.[@b20-amep-10-095] Moreover, in another local study, they found that only 29.2% and 18.4% of students are satisfied with the tutor's role in PBL session and tutor evaluation, respectively.[@b19-amep-10-095] Therefore, according to the result we have obtained, more intensive training for tutors is required to run the PBL process more effectively, focus on students' difficulties, encourage students to participate despite their prior knowledge or English proficiency, give effective feed-backs, and evaluate the objectives. Similarly, previous local studies have also recommended similar training for tutors.[@b20-amep-10-095],[@b30-amep-10-095] Previous studies in Vietnam showed that students who were exposed to PBL methods more consistently perceived that they were better prepared for a public health job than those who had not been widely exposed to PBL.[@b31-amep-10-095],[@b32-amep-10-095] Our results agree with the results of Callis et al,[@b33-amep-10-095] who reported that students who enrolled in a hybrid PBL curriculum demonstrated a greater ability to apply basic science principles to a clinical scenario when compared to traditional lecture-based students, which resulted in an increase in the student's skills in the areas of communication and hypothesis generation. These are necessary skills for interaction of students with other health professionals.[@b33-amep-10-095] A recent study reported that students who enrolled in a PBL-based curriculum performed significantly better than students who enrolled in a traditional lecture-based curriculum.[@b34-amep-10-095] Similar findings were also reported in other studies.[@b35-amep-10-095]--[@b37-amep-10-095] Our study showed that the Internet was the most used learning resource during SDL to prepare for PBL sessions. This could be attributed to easy access and abundance of information on the Internet. Home and the library are the preferred places (42.1%) for preparation for PBL sessions. However, the library was poorly utilized alone. Consequently, working hours and available resources in the library have to be considered. In addition, an important finding in this study is that only 26.3% of the students reported that there was proper student training before starting the PBL sessions. The lack of proper training may explain the poor contribution of students in group discussions and indicate that training provided to the students in the learning skills course was not enough. Thus, proper student training is essential before starting the PBL sessions, and it should include information on the utilizing of different available resources for seeking information, and making decisions by assessing, interpreting, evaluating, comparing, and weighing evidence.[@b38-amep-10-095],[@b39-amep-10-095]

Study limitations
-----------------

This is a cross-sectional study which was based on a convenient sampling method and conducted in one medical college which cannot be generalized. Moreover, there was a low response rate from the female section, and there were no fourth-year female students, which is due to the fact that the program of females at IMSIU started recently in 2014--2015 academic year. Furthermore, the male and female students are on separate campuses with different facilitators and thus they may not go through a similar experience in PBL. Therefore, further longitudinal studies must be carried out in medical colleges all over Saudi Arabia to conclude more valid outcomes.

Conclusion
==========

Perception of medical students regarding their educational environment at IMSIU College of medicine which adopted PBL into their curriculum was more positive than negative. However, the study showed that tutors should be trained to guide the process of PBL in order to achieve its goals. Moreover, students should be securely introduced to PBL and experience the development of their clinical reasoning through PBL. Further improvements are needed to provide students with an effective favorable learning environment and to take the students recommendations into consideration.
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###### 

Demographic profile of participants

  Item                 Categories    N (%)
  -------------------- ------------- ------------
  Gender               Male          116 (76.3)
  Female               36 (23.7)     
  Level of education   Second year   57 (37.5)
  Third year           61 (40.1)     
  Fourth year          34 (22.4)     
  GPA                  \<2.75        6 (3.9)
  2.75--\<3.75         39 (25.7)     
  3.75--\<4.5          69 (45.4)     
  4.5--≤5.0            38 (25.0)     

**Abbreviation:** GPA, grade point average.

###### 

Students' perception to problem-based learning (PBL) session benefits

                                                                         Gender                 GPA                                                                                                    
  ---------------------------------------------------------------------- -------- ------------- ------------ ----------- ----------- ------------- ------------ ------------ ------------ ------------ --------------
  PBL helps me to understand basic sciences knowledge                    Agree    2.36 (0.78)   83 (54.6)    65 (56.0)   18 (50.0)   2.56 (0.27)   2 (2.40)     17 (20.48)   44 (53.01)   20 (24.09)   5.79 (0.44)
  Neutral/not sure                                                                40 (26.3)     27 (23.3)    13 (36.1)               2 (5.0)       12 (30.0)    15 (37.5)    11 (27.5)                 
  Disagree                                                                        29 (19.1)     24 (20.7)    5 (13.9)                2 (6.89)      10 (34.48)   10 (34.48)   7 (24.13)                 
  PBL helps me to increase my basic sciences knowledge                   Agree    2.41 (0.79)   92 (60.5)    71 (61.2)   21 (58.3)   6.76 (0.03)   3 (3.26)     18 (19.56)   47 (51.08)   24 (26.08)   12.18 (0.05)
  Neutral/not sure                                                                31 (20.4)     19 (16.4)    12 (33.3)               0 (0)         12 (38.70)   14 (45.16)   5 (16.12)                 
  Disagree                                                                        29 (19.1)     26 (22.4)    3 (8.3)                 3 (10.34)     9 (31.03)    8 (27.58)    9 (31.03)                 
  The knowledge gained is more thorough PBL than lectures.               Agree    1.88 (0.83)   44 (28.9)    38 (32.8)   6 (16.7)    3.51 (0.17)   2 (4.54)     11 (25.0)    22 (50.0)    9 (20.45)    7.17 (0.30)
  Neutral/not sure                                                                45 (29.6)     32 (27.6)    13 (36.1)               1 (2.23)      17 (37.78)   18 (40)      9 (20.0)                  
  Disagree                                                                        63 (41.4)     46 (39.7)    17 (47.2)               3 (4.76)      11 (17.46)   29 (46.03)   20 (31.74)                
  I feel that I learn better in PBL than lectures.                       Agree    1.95 (0.86)   52 (34.2)    44 (37.9)   8 (22.2)    3.16 (0.20)   2 (3.84)     12 (23.07)   28 (53.84)   10 (19.23)   4.30 (0.63)
  Neutral/not sure                                                                40 (26.3)     28 (24.1)    12 (33.3)               1 (2.5)       13 (32.5)    14 (35.0)    12 (30.0)                 
  Disagree                                                                        60 (39.5)     44 (37.9)    16 (44.4)               3 (5.0)       14 (23.34)   27 (45.0)    16 (26.67)                
  PBL motivates me to learn.                                             Agree    2.41 (0.79)   91 (59.9)    70 (60.3)   21 (58.3)   0.51 (0.77)   2 (2.1)      20 (21.97)   48 (52.74)   21 (23.07)   9.28 (0.15)
  Neutral/not sure                                                                32 (21.1)     23 (19.8)    9 (25.0)                1 (3.12)      12 (37.5)    11 (34.37)   8 (25)                    
  Disagree                                                                        29 (19.1)     23 (19.8)    6 (16.7)                3 (10.34)     7 (24.13)    10 (34.48)   9 (31.03)                 
  PBL provides better integration between basic and clinical sciences.   Agree    2.49 (0.78)   95 (62.5)    69 (59.5)   26 (72.2)   2.09 (0.35)   2 (2.1)      19 (20.0)    49 (51.57)   25 (26.31)   15.05 (0.02)
  Neutral/not sure                                                                36 (23.7)     29 (25.0)    7 (19.4)                1 (2.78)      14 (38.89)   15 (41.67)   6 (16.67)                 
  Disagree                                                                        21 (13.8)     18 (15.5)    3 (8.3)                 3 (14.28)     6 (28.57)    5 (23.80)    7 (33.34)                 
  PBL tutorials makes me discuss information in a professional way.      Agree    2.36 (0.78)   83 (54.6)    65 (56.0)   18 (50.0)   0.50 (0.77)   2 (2.40)     17 (20.48)   40 (48.19)   24 (28.91)   4.88 (0.55)
  Neutral/not sure                                                                40 (26.3)     29 (25.0)    11 (30.6)               2 (5)         13 (32.5)    16 (40.0)    9 (22.5)                  
  Disagree                                                                        29 (19.1)     22 (19.0)    7 (19.4)                2 (6.89)      9 (31.03)    13 (44.82)   5 (17.24)                 
  PBL encourages self-directed lifelong learning.                        Agree    2.58 (0.66)   103 (67.8)   78 (67.2)   25 (69.4)   0.50 (0.93)   3 (2.91)     22 (21.35)   53 (51.45)   25 (24.27)   9.44 (0.15)
  Neutral/not sure                                                                34 (22.4)     26 (22.4)    8 (22.2)                1 (2.94)      11 (32.35)   12 (35.29)   10 (29.41)                
  Disagree                                                                        15 (9.9)      12 (10.3)    3 (8.3)                 2 (13.34)     6 (40)       4 (26.67)    3 (20)                    
  PBL method helps me improve my decision-making skills.                 Agree    2.41 (0.76)   89 (58.6)    71 (61.2)   18 (50.0)   8.52 (0.01)   2 (2.24)     18 (20.22)   42 (47.19)   27 (30.33)   11.59 (0.07)
  Neutral/not sure                                                                37 (24.3)     22 (19.0)    15 (41.7)               1 (2.70)      11 (29.72)   19 (51.35)   6 (16.21)                 
  Disagree                                                                        26 (17.1)     23 (19.8)    3 (8.3)                 3 (11.53)     10 (38.46)   8 (30.76)    5 (19.23)                 
  PBL method helps to develop my problem-solving skills.                 Agree    2.50 (0.68)   92 (60.5)    71 (61.2)   21 (58.3)   0.56 (0.75)   2 (2.1)      18 (19.56)   46 (50)      26 (28.26)   7.66 (0.26)
  Neutral/not sure                                                                44 (28.9)     32 (27.6)    12 (33.3)               3 (6.81)      16 (36.36)   17 (38.63)   8 (18.18)                 
  Disagree                                                                        16 (10.5)     13 (11.2)    3 (8.3)                 1 (6.25)      5 (31.25)    6 (37.5)     4 (25.0)                  
  PBL method helps to develop my communication skills.                   Agree    2.64 (0.67)   114 (75.0)   88 (75.9)   26 (72.2)   1.47 (0.47)   4 (3.50)     23 (20.1)    57 (50.0)    30 (26.31)   8.50 (0.20)
  Neutral/not sure                                                                21 (13.8)     14 (12.1)    7 (19.4)                1 (4.76)      8 (38.09)    7 (33.34)    5 (23.80)                 
  Disagree                                                                        17 (11.2)     12 (12.1)    3 (8.3)                 1 (5.88)      8 (47.05)    5 (29.41)    3 (17.64)                 
  PBL method helps to develop my leadership skills.                      Agree    2.54 (0.72)   103 (67.8)   83 (71.5)   20 (55.6)   6.98 (0.03)   2 (1.94)     23 (22.34)   49 (47.57)   29 (28.15)   8.60 (0.19)
  Neutral/not sure                                                                28 (18.4)     16 (13.8)    12 (33.3)               2 (7.1)       7 (25.0)     13 (46.42)   6 (21.42)                 
  Disagree                                                                        21 (13.8)     17 (14.7)    4 (11.1)                2 (9.52)      9 (42.85)    7 (33.34)    3 (14.28)                 
  PBL method helps me to identify my strengths and weaknesses.           Agree    2.53 (0.71)   100 (65.8)   79 (68.1)   21 (58.3)   2.57 (0.27)   3 (3)        23 (23.0)    47 (47.0)    27 (27.0)    6.99 (0.32)
  Neutral/not sure                                                                32 (21.1)     21 (18.1)    11 (30.6)               1 (3.12)      8 (25)       17 (53.12)   6 (18.75)                 
  Disagree                                                                        20 (13.2)     16 (13.8)    4 (11.1)                2 (10)        8 (40)       5 (25)       5 (25)                    
  PBL made me more satisfied about my academic progression               Agree    2.22 (0.78)   67 (44.1)    48 (41.4)   19 (52.8)   2.15 (0.34)   1 (1.49)     11 (16.41)   37 (55.22)   18 (26.86)   16.26 (0.01)
  Neutral/not sure                                                                52 (34.2)     40 (34.5)    12 (33.3)               1 (1.92)      18 (34.61)   23 (44.23)   10 (19.23)                
  Disagree                                                                        33 (21.7)     28 (24.1)    5 (13.9)                4 (12.1)      10 (30.3)    9 (27.2)     10 (30.3)                 

**Abbreviation:** GPA, grade point average.

###### 

Students' perception toward the problem-based learning (PBL) conduction and processes

                                                                                             Gender                 GPA                                                                                                    
  ------------------------------------------------------------------------------------------ -------- ------------- ------------ ----------- ----------- ------------- ------------ ------------ ------------ ------------ ---------------
  There is proper students' training before starting the PBL session.                        Agree    1.87 (0.80)   40 (26.3)    33 (28.4)   7 (19.4)    5.23 (0.07)   3 (7.5)      9 (22.5)     19 (47.5)    9 (22.5)     2.73 (0.84)
  Neutral/not sure                                                                                    52 (34.2)     34 (29.3)    18 (50.0)               1 (1.92)      14 (26.92)   22 (42.30)   15 (28.84)                
  Disagree                                                                                            60 (39.5)     49 (42.2)    11 (30.6)               2 (3.34)      16 (26.67)   28 (46.67)   14 (23.34)                
  PBL is effective without having lecture of same topic (ie, PBL can substitute lectures).   Agree    1.72 (0.84)   39 (25.7)    34 (29.3)   5 (13.9)    8.93 (0.01)   2 (5.1)      7 (17.94)    21 (53.84)   9 (23.07)    5.13 (0.52)
  Neutral/not sure                                                                                    32 (21.1)     28 (24.1)    4 (11.1)                1 (3.1)       12 (37.5)    10 (31.25)   9 (28.12)                 
  Disagree                                                                                            81 (53.3)     54 (46.6)    27 (75.0)               3 (3.70)      20 (24.69)   38 (46.91)   20 (24.69)                
  There is repetition between PBL and lectures.                                              Agree    2.26 (0.75)   68 (44.7)    53 (45.7)   15 (41.7)   5.44 (0.06)   3 (4.41)     11 (16.17)   36 (52.94)   18 (26.47)   15.5 (0.01)
  Neutral/not sure                                                                                    55 (36.2)     37 (31.9)    18 (50.0)               1 (1.8)       24 (43.6)    19 (34.54)   11 (20)                   
  Disagree                                                                                            29 (19.1)     26 (22.4)    3 (8.3)                 2 (6.89)      4 (13.7)     14 (48.2)    9 (31.1)                  
  I feel comfortable with PBL tutorials                                                      Agree    2.18 (0.80)   66 (43.4)    49 (42.2)   17 (47.2)   0.31 (0.85)   1 (1.5)      8 (12.1)     41 (62.1)    16 (24.3)    17.5 (0.008)
  Neutral/not sure                                                                                    48 (31.6)     37 (31.9)    11 (30.6)               3 (6.3)       17 (35.4)    15 (31.2)    13 (27.0)                 
  Disagree                                                                                            38 (25.0)     30 (25.9)    8 (22.2)                2 (5.3)       14 (36.8)    13 (34.2)    9 (23.7)                  
  I usually contribute actively in group discussion.                                         Agree    1.69 (0.83)   36 (23.7)    26 (22.4)   10 (27.8)   3.48 (0.17)   2 (5.6)      8 (22.2)     18 (50)      8 (22.2)     5.28 (0.29)
  Neutral/not sure                                                                                    33 (21.7)     22 (19.0)    11 (30.6)               1 (3.0)       14 (42.4)    10 (30.3)    8 (24.2)                  
  Disagree                                                                                            83 (54.6)     68 (58.6)    15 (41.7)               3 (3.6)       17 (20.4)    41 (49.4)    22 (26.5)                 
  Students contribute equally in PBL session.                                                Agree    2.54 (0.68)   99 (65.1)    76 (65.5)   23 (63.9)   4.84 (0.08)   2 (2.0)      18 (18.1)    51 (51.5)    28 (28.2)    12.6 (0.04)
  Neutral/not sure                                                                                    36 (23.7)     24 (20.7)    12 (33.3)               3 (8.3)       14 (38.9)    12 (33.3)    7 (19.4)                  
  Disagree                                                                                            17 (11.2)     16 (13.8)    1 (2.8)                 1 (5.8)       7 (41.2)     6 (35.3)     3 (17.6)                  
  Members of PBL know their roles.                                                           Agree    2.41 (0.76)   89 (58.6)    67 (57.8)   22 (61.1)   0.14 (0.93)   3 (3.4)      22 (24.7)    42 (47.1)    22 (24.7)    2.34 (0.88)
  Neutral/not sure                                                                                    37 (24.3)     29 (25.0)    8 (22.2)                1 (2.7)       11 (29.7)    17 (46)      8 (21.6)                  
  Disagree                                                                                            26 (17.1)     20 (17.2)    6 (16.7)                2 (7.7)       6 (23)       10 (38.4)    8 (30.7)                  
  I usually attend PBL sessions on time.                                                     Agree    2.78 (0.53)   128 (84.2)   94 (81.0)   34 (94.4)   4.26 (0.11)   2 (1.5)      29 (22.7)    62 (48.4)    35 (27.3)    28.6 (0.0001)
  Neutral/not sure                                                                                    15 (9.9)      13 (11.2)    2 (5.6)                 1 (6.7)       7 (46.6)     5 (33.3)     2 (13.3)                  
  Disagree                                                                                            9 (5.9)       9 (7.8)      0 (0)                   3 (33.3)      3 (33.3)     2 (22.2)     1 (11.1)                  
  Duration of the PBL session is enough to get the benefits that I need.                     Agree    2.66 (0.65)   116 (76.3)   89 (76.7)   27 (75.0)   0.08 (0.95)   3 (2.6)      31 (26.7)    53 (45.6)    29 (25)      14.0 (0.02)
  Neutral/not sure                                                                                    21 (13.8)     16 (13.8)    5 (13.9)                0 (0)         6 (28.6)     8 (38.0)     7 (33.3)                  
  Disagree                                                                                            15 (9.9)      11 (9.5)     4 (11.1)                3 (20)        2 (13.3)     8 (53.3)     2 (13.3)                  
  PBL cases are well written and understandable.                                             Agree    2.26 (0.76)   69 (45.4)    56 (48.3)   13 (36.1)   1.90 (0.38)   2 (2.9)      17 (24.6)    31 (44.9)    19 (27.5)    3.68 (0.72)
  Neutral/not sure                                                                                    54 (35.5)     40 (34.5)    14 (38.9)               3 (5.6)       17 (31.4)    24 (44.5)    10 (18.5)                 
  Disagree                                                                                            29 (19.1)     20 (17.2)    9 (25.0)                1 (3.4)       5 (17.2)     14 (48.2)    9 (31.0)                  
  PBL cases have a realistic and interesting clinical trigger.                               Agree    2.41 (0.73)   85 (55.9)    63 (54.3)   22 (61.1)   3.04 (0.21)   2 (3.5)      21 (24.7)    42 (49.4)    20 (23.5)    9.7 (0.13)
  Neutral/not sure                                                                                    45 (29.6)     33 (28.4)    12 (33.3)               1 (2.2)       14 (31.1)    20 (44.5)    10 (22.2)                 
  Disagree                                                                                            22 (14.5)     20 (17.2)    2 (5.6)                 3 (13.6)      4 (18.1)     7 (31.8)     8 (36.4)                  
  PBL cases have an appropriate level of difficulty/challenge.                               Agree    2.45 (0.67)   84 (55.3)    65 (56.0)   19 (52.8)   1.92 (0.38)   1 (1.2)      19 (22.6)    42 (50)      22 (26.1)    13.1 (0.04)
  Neutral/not sure                                                                                    52 (34.2)     37 (31.9)    15 (41.7)               2 (3.8)       17 (32.7)    21 (40.3)    12 (23.0)                 
  Disagree                                                                                            16 (10.5)     14 (12.1)    2 (5.6)                 3 (18.7)      3 (18.7)     6 (37.5)     4 (25)                    

###### 

Tutors' facilitation of the problem-based learning (PBL) sessions and their fairness on students' evaluation

  Items                                                            Categories   Mean (SD)     Participants   Male N (%)   Female N (%)   χ^2^ (*P*-value)   \<2.75      2.75--\<3.75   3.75--\<4.5   4.5--″5.0   χ^2^ (*P*-value)
  ---------------------------------------------------------------- ------------ ------------- -------------- ------------ -------------- ------------------ ----------- -------------- ------------- ----------- ------------------
  Tutors are prepared and qualified to run the session             Agree        1.99 (0.76)   43 (28.3)      28 (24.1)    15 (41.7)      4.25 (0.11)        1 (2.3)     5 (11.6)       24 (55.8)     13 (30.2)   14.7 (0.02)
  Neutral/not sure                                                              64 (42.1)     51 (44.0)      13 (36.1)                   2 (3.1)            26 (40.6)   23 (35.9)      13 (20.3)                 
  Disagree                                                                      45 (29.6)     37 (31.9)      8 (22.2)                    3 (6.7)            8 (17.7)    22 (48.9)      12 (26.6)                 
  Tutors evaluate students in fair way.                            Agree        1.87 (0.80)   40 (26.3)      30 (25.9)    10 (27.8)      0.28 (0.86)        2 (5)       6 (15)         24 (60)       8 (20)      6.43 (0.37)
  Neutral/not sure                                                              52 (34.2)     41 (35.3)      11 (30.6)                   1 (1.9)            15 (28.8)   22 (42.3)      14 (26.9)                 
  Disagree                                                                      60 (39.5)     45 (38.8)      15 (41.7)                   3 (5)              18 (30)     23 (38.4)      16 (26.6)                 
  Tutor feedbacks were helpful to improve students' performance.   Agree        2.22 (0.79)   69 (45.4)      54 (46.6)    15 (41.7)      0.62 (0.73)        1 (1.4)     11 (15.9)      39 (56.5)     18 (26.0)   21.7 (0.001)
  Neutral/not sure                                                              48 (31.6)     37 (31.9)      11 (30.6)                   1 (2.0)            19 (39.5)   21 (43.7)      7 (14.5)                  
  Disagree                                                                      35 (23.0)     25 (21.6)      10 (27.8)                   4 (11.4)           9 (25.7)    9 (25.7)       13 (37.1)                 

###### 

Utilization of self-directed learning resources, duration, and preferred places

  Items                                           Categories             Participants   \<2.75     2.75--\<3.75   3.75--\<4.5   4.5--≤5.0
  ----------------------------------------------- ---------------------- -------------- ---------- -------------- ------------- -----------
  Learning resources for self-directed learning   Internet               140 (92.1)     5 (3.6)    35 (25)        63 (45)       37 (26.4)
                                                  Books                  117 (77.0)     5 (4.2)    28 (23.9)      53 (45.3)     31 (26.5)
                                                  Medical journal        40 (26.3)      1 (2.5)    12 (30)        17 (42.5)     10 (25)
                                                  Lecture notes          94 (61.8)      1 (1.06)   24 (25.5)      47 (50)       22 (23.4)
                                                  Previous batch notes   35 (23.0)      0 (0)      10 (28.5)      18 (51.4)     7 (20)
                                                  Others                 13 (8.6)       0 (0)      2 (15.3)       8 (61.5)      3 (23.0)
  Duration for self-directed learning             Less than an hour      48 (31.6)      3 (6.25)   14 (29.1)      20 (41.67)    11 (22.9)
                                                  2 hours                68 (44.7)      2 (2.94)   12 (17.6)      34 (50)       20 (29.4)
                                                  \>3 hours              36 (23.7)      1 (2.8)    13 (36.1)      15 (41.6)     7 (19.5)
  Preferred place for self-directed learning      Library                25 (16.4)      1 (4)      8 (32)         11 (44)       5 (20)
                                                  Home                   59 (38.8)      3 (5.0)    14 (23.7)      29 (49.1)     13 (22.0)
                                                  Library and home       64 (42.1)      2 (3.1)    16 (25)        28 (43.7)     18 (28.1)
                                                  Others                 23 (15.1)      1 (4.3)    4 (17.3)       12 (52.1)     6 (26.0)
